MIL-5-19500/49C (EL)

24 May 1968

SUPERSEDING:
See Section &

MILITARY SPECIFICATION
SEMICONDUCTOR DEVICE, TRANSISTOR, PNP, GERMANIUM

TYPES 2N464, 2N465, 2N467

1. SCOPE
1.1 Scope. - This specification covers the detail requirements for germanium,
PNP, transistors for use {n low-power, amplifier applications in compatible
electronic-equipment circuits. (See 3.4 and 6.2b herein.)
1.2 Qutline and dimensions. - See Fig. 1 herein. (TO-5) !
_1.3 Maximum ratings. - (At Ta = +25°C, unless otherwise specified):
pL1/ ! v Vepg 2/ V T I T
T = | “cso CEO £ EBO ¢ | ‘cso , 'EBO stg
i vdc | vde vic | mAdc | uAdc | uAdc °c
2N464 150 =40 ~40 -12 50 -15 -6 -65 to +100
2N465 150 =40 -30 -12 50 -15 -6 -65 to +100
2N467 150 =35 -15 -12 50 -10 -6 -85 to +100
1/ For T, > +25°C, derate linearly at 2.0 mw/C.
2/ Pulsed (see 4.3.1 herein}.
1.4 Particular electrical characteristics. - (At Ty = +25°C, unless otherwise
specified):
hee Ehib hib hob Cobo NF
at: f=lkHz at: £ = lkHz at: at: at: at:

Veop = -6Vdc Veg = -6vde (See Table (See Table} (See Table| (See Tablg
1g = 1 mAdc Iz = 1 mAdc I herein) 1 herein) I herein) I herein)

Min. Max. Min. Mex. Min. Max. Min. Max.| Min. Max.] Min. Max.

-—- - MHz MHz ohms ohms [ umho umho| pf pf db db
N4 B4 14 a3 0.4 - 18 45 - 1.0 --- 20 - 20
ZN465 27 66 0.5 - 18 45 -—-- 1.0 === 20 === 20
N4 6T 110 260 0.7 -—- 18 45 --- 1.0 - 20 -—- 20
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2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of invitation for
bids or request for proposal, form a part of this specification to the extent speci-
fied herein:

SPECIFICATIONS
MILITARY
MIL-S-19500C Semiconductor Devices, General Specification For
STANDARDS
MILITARY
MIL-STD-202 Test Methods for Electronic and Electrical
Component Parts
MIL-STD-750 Test Methods for Semiconductor Devices

MIL-STD-1276 Leads, Weldable, for Electronic Component Parts

{Copies of specifications, standards, drawings, and publications required
by contractors in comnection with specific procurement functions should be obtained
from the precuring activity or as directed by the contracting officer. Both the
title and number or symbol should be stipulated when requesting copies.)

3. REGUIREMENTS
3.1 General. - Requirements for the transistors shall be in accordance with

Specification MIL-5-19500, and as otherwise specified herein.

3.2 Abbreviations and symbols. - The abbreviations and symbols used herein are
defined in Specification MIL-S-19500.

3.3 Design and construction. - The transistor shall be of the design, con-
struction, and physical dimensions specifed on Figure 1.

3.3.1 Terminal arrangement, - The terminal arrangement on the transistor shall
be as indicated in Figure 1.

3.3.2 Operating position. - The transistor shall be capable of proper operation
in any position.

3.3.3 Terminal-lead length. - Terminal-lead length(s) other than that established
in Figure 1 herein may be furnished when specified in the contract or order (see
6.3a herein) where the devices covered herein are required directly for particular
equipment-circuit installation. Where such other lead lengths are required and
provided, it shall not be construed as affecting adversely the Qualified-preduct
status of the device, or applicable JAN marking.

i |
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3.3.4 Terminal-lead material and finish. - The terminal lead material shall be
Type K (Kovar) or Type F (Alloy 52) conforming to requirements in Standard
MIL-8TD-1276, The terminal-lead finish shall be pold {(per pertinent requirements

in Standard MIL-8TD-1i276); however, if so specified in the contract or order, the
lead-material finish may be tin, or tin-coating over gold. This tin-finish require-
ment shall not be construed as affecting adversely the Qualified-product status

of the device, or applicable JAN marking {See 6.3b herein).

3.3.4.1 Selectivity of terminal-lead material. - Where choice of lead material
(see 3.3.4 above) is desired, stipulation of the particular material shall be made
in contract or order. (See 6.3b herein.)

3.4 Performance characteristics. - The transistor performance characteristics
shall be as specified in Tables I, II, and 11I herein. Except where specifically
differentiated for respective transistor types (see 1.3, 1.4, and Tables I, II,
and IIT herein), the performance requirements, including characteristies, ratings,
and test conditions, apply equally to all transistor types covered herein.

4.5 Marking. - Except as otherwise specified herein, marking shall be in
accordance with Specification MIL-§-19500. If any specification-requirements
waiver has been granted, the product-identification marking shall congist of the
"elassification” type designation only. The"manufacturer's identification'" and
"country of origin' may, at option of the manufacturer, be omitted from being
marked directly on the semiconductor device covered herein,

4. QUALITY ASSURANCE PROVISIONS

4,1 General. - Except as otherwise specified herein, the responsibiliity for
inspection, general procedures for acceptance, classification of inspection, and
ingpection conditions and methods of test shall be in accordance with Specification
MIL-5-19500, Quality Assurance Provisions.

4.2 Qualification and acceptance inspection. - Qualification and Quality
Conformance inspection shall be in accordance with Specification MIL-5-19500,
Quality Assurance Provisions, and as otherwise specified herein. Groups A, B,

and C inspection shall consist of the examinations and tests specified in Tables
I, 1T, and I1I respectively, herein. Quality Conformance inspection shall include
inspection of Preparation for Delivery (see 5.1 herein.)

4.2.1 Specified LTPD for Subgroups. - The LIPD specified for a subgroup in
Tables I, II, and IIT herein shall apply for all of the tests, combined, in the

subgroup.

4.2.2 Qualification relative to lead-material finish. - Devices constructed with
either of the lead-material finishes established herein (see 3.3.4) may be gubmitted
for Qualification approval. The type of finish used by the manufacturer shall be
stipulated in the submittal data for the product to be tested.
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4,2.3 Acceptance inspection of lots containing multiple trangsistor types. - For
lots containing more than one transistor type covered herein,subjection of adequate
samples on a sublot basis to tests in accordance with a and b below, will be
acceptable. Normally applicable acceptance criteria shall apply to acceptability
determination for the entire submitted lot.

a. Each transistor type (sublot) shall be subjected to all Group A
tests and to all Group C tests (when the Group C tests are incumbent
to be performed on the transistor type concerned); plus:

b, The transistor type (sublot) at the highest D.C. Current Gain level
shall be subjected to all applicable Group B tests except Life tests.

4.2.4 Group B - Group C life test samples. - Samples that have been subjected to
Group B, 340-hour life test may be continued on test for 1000 hours in order to
satisfy Group C life test requirements. These samples shall be predesignated, and
shall remain subjected to the Group C l000-hour evaluation after they have passed
the Group B, 340-hour acceptance criteria; hereto, the cumulative total of failures
.found during 340-hour test and during the subsequent interval up to 1000 hours on
these samples shall be computed for 1000-hour acceptance criteria.

4.2.5 Group C testing. - Group C tests shall be performed on a lot every 6 months.
(See Table TII herein). The contractor shall, throughout the course of a contract
or order, permit the Government representative to scrutinize all test data end
findings covering manufacturer's test program on Group C characteristics and para-
meters for the product concerned. Upon determination by the Government imspector
(in advance of Group C, 6-month, test results) that Group C parameters are not being
adequately met, the Government inspector may require lot-by-lot inspection, nor-
mally for a minimum of 3 consecutive lots, to be performed for required Group C
tests.

4.2.6 Disposition of sample units. - Sample units that have been subjected to
Group B, Subgroup 2, 4, and 5 tests shall not be delivered on the contract or order.
Sample units that have been subjected vo and have passed Group B, Subgroup 1, 3,

6, and 7 and all Group C tests (these tests to be considered non-destructive), may
be delivered on the contract or order provided that,after Group B and C inspection
is terminated, those sample units are subjected to and pass Group A inspection.
Defective units from any sample group that may have passed group inspection shall
not be delivered on the contract or order until the defect(s) has been remedied

to the satisfaction of the Government.

4.3 Particular examination and test requirements. -

4.3.1 "Pulsed"-conditions measurements. - Measurements required herein to be
effected under pulsed conditions, shall be made in accordance with "Pulse Measure-
ments' requirements in Section 4 of MIL-STD-750.

4.3.2 Interval for End-Point Test measurements. - All applicable End-Point Test
measurements shall be performed within 96 hours after sample units have been sub-
Jjected to required physical-mechanical or environmantal test(s).

-
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4.3.3 Mechanical damage resulting from tests. - Except for intentionally de-
forming, mutilating, or dismembering mechanical-gtress tests to which gamples are
subjected, there shall be no evidence of mechanical damage to any sample unit as

a8 ragult of anv of the Groung A, B. or C tests.
ulf of any ©of the Groups &4, B, or { Lests.

-5-
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TABLE I. GROUP A INSPECTION.
TEST METHOD | EXAMINATION LIMITS
PER OorR CONDITIONS LTPD SYMBOL UNIT
MIL-STD-750 | TEST 1/ MIN, | MAX,
Subgroup 1 10
2071 Vigual and -——— ——— —=- - -
mechanical
examination
' Subgroup 2 5
3036 Collector-base Bias Cond.D
cutoff current:
2NG64 Ve = -40Vde I¢cBo -== | ~15 uAde
2N465 VCB = =40Vdc ICBO - -15 uAdc
2N46T Ve = -35vde Icao - -10 uAdc
3036 Collector-base Bias Cond. D Iceo --- -6 uAdc
cutoff current Ve = -12vde
3061 Emitter-base Bias Cond. D IrBo --- -6 uAdc
cutoff current VEg = -12vdc
3001 Collector-base Bias Cond., D
breakdown voltagedI¢ = -l0uAde
28464 BVegg -40 - vdc
2N4 65 BVggo | <40 | --- vde
2N467 BVrpg 1 -35 | --- Vde
3011 Collector-emitter| Bias Cond. D
breakdown voltage{ I. = 2 mAdc
Pu?sed; 2/
2N4 64 BVCEO =40 - Vdc
2R465 BV eo -30 - Vdc
2N467 BVcEo -15 - Vdc
Subgroup 3 15
3301 Small-signal short VeR = -6Vde
circuit forward- IE = 1 mAdc
current transfer £ = 1 kHz
ratio cutoff
frequency:
2N4 64 fhfb 0.4 - MHz
2N4 65 fhfb 0.5 - MHz
2N467 fhfb 0.7 - MHz

-6-
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TABLE I. GROUP A INSPECTION ~ (Continued)
TEST METHOD | EXAMINATION LIMITS
PER OR CONDITIONS LTFD SYMBOL] —— UNIT
MIL-STD-750{ TEST 1/ MIN.| MAX.
Subgroup 3-(Cont'g)
3206 Small-signal Veg = -bVdc
short-circuit Ig = 1 mAdc
forward-current f =1 kHz
transfer ratio:
NG 64 bia 14 33 -———
2N465 hfe 27 66 -——
2N467 hfe 110 260 ———
3236 Qutput capa- Ve = -6Vdce Cobo -~ 20 pE
citance (open f» 0.1 g1.0MHz
eircuit) ig = 0
3201 Small-signal Vgp = -bvdc hib T 45 ohms
short-circuit Ip = 1 mAdc
input impedance | f z 0.1l¢ 1.0MHz
216 Smali-signal open] Vop = -6 vdc hap -~- ] 1.0 umho
circuit output Ip = 1 mAde
admittance f =1 kHz
3246 Noise figure Vep = -2.5 Vde NF -~ 20 db
IE = (.5 mAdc
R, = 100 k& ohms
Rg = 100 ohms
37/
Subgroup & 15
&/ High-temperature | T, = +71°%
aperation: 29
3036 Collector-base Bias Cond. D Iego —-- -100 uAde
cutoff current Veg = -12vde
-=- Low-temperature | T, = -55°%
operation: 5?
3206 Small-signal Vep = -6vde
short-circuit Ip = 1 mAde
forward-current f =1 kHz
transfer ratio:
2NG 64 hia 7 - -—
2N4 65 hia 14 --- -
2N467 hga 50 --- -—-
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-~~~
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TABLE I, GROUP A INSPECTION - (Continued)

See 3.4 herein.

See 4.3 1 herein.

Quan-Tech test set, Model 311, or equivalent, shall be used.

In this Subgroup, the sample units subjected to the High-Temperature
Operation test shall be permitted to return to and be stabilized at room
ambient temperature prior to thelr being subjected to the Low-Temperature

Operation test.

Measurement{s) shall be made after thermal equilibrium has been reached at
the temperature specified.

-8-
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TABLE II. GROUP B INSPECTION.
TEST METHOD { EXAMINATION LIMITS
PER OR CONDITIONS LTPD SYMBOL — | UNIT
MIL-STD-750 | TEST 1/ MIN. | MAX.
Subproup 1 20
2066 Physical --- - - | =-- -—
dimengions
Subgroup 2 15
2026 Solderability | --- --- SN -
1051 Temperature Test Cond.A ——- . -——— _——
cycling
1056 Thermal shock |Test Cond., A - S R ——-
{glass strain)
2/ Seal(leak rate)| Test Cond. C - - 1x10-7atm
Procedure III; cc/sec
Test Cond. A
or B for
Gross leaks
1021 Moisture --- —.- -——— _——- -
resistance
End Point Test s
3036 Collector-base |Bias Cond, D
cutoff current:
ZN{lﬁ{# VCB = =40Vdc ICBO - -15 uAde
2N4B5 Veg = -40Vdc Icpo - -15 uAde
2N467 Ve = -35Vdce IcRo -—-- -10 uAde
3206 Small-signal Vpg = -bVdc
short-circuit Ig = 1 mAde
forward-current| £ = 1 kHz
transfer ratio:
28464 bea 14 33 -
2N465 hfe 27 66 -—--
2N467 hfe 110 260 -
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TABLE II. GROUP B INSPECTION. - (Continued)
TEST METHOD | EXAMINATION LIMITS
PER OR CONDITIONS LTPD SYMBOL | ———— UNIT
MIL-STD-750 TEST 1/ MIN. | MAX,
Subgroup 3 15
2016 Shock Non-operating .- ——— ] == ---
1500¢
5 blows of
0.5 msec ea.
in orienta-
tions X1, Y1,
Y2, zL
(total = 20
blows)
2056 Vibration, --- .- == --- ---
variable
frequency
2046 Vibration Non-operating .- .- - ---
fatigue
2006 Constant 20,000G -—-- -—— --- -—-
acceleration Orientations
(centrifugal) X1, yl, Y2,
z1
End Point Tests:
Same as for
Subgroup 2 above
Subgroup 4 20
2036 Terminal strength Test Cond. E --- - --- ---
{lead fatigue) 3/
Subgroup 5 20
1041 Salt atmosphere --- --- --- --- -
(corroaion)
1Subgroup & 10
1031 High-temperature T5t3-+100°c .- - | --- ---

life{non-operating) t = 340 hrs

s/
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TABLE ITI. GROUP B INSPECTION.- (Continued)
TEST METHOD | EXAMINATION LIMITS
PER OR CONDITIONS LTPD SYMBOL | ————— UNIT
MIL-STD-750 TEST 1/ MIN.| MAX.
Subgroup 6-(Cont'd)
End Point Tests:
3036 Collector-base Bias Cond. D
cutoff current:
NG B4 VC'B = -40Vdc ICBO - '30 uAde
2N4 65 v = -40vdc ICBO - =30 uAdc
2N467 Veg = -35Vdc Icpo --- -20 wAdc
3206 Small-signal Vep = -6vde
short-circuit Ig = 1 mAde
forward-current f = 1 kHz
transfer ratio:
2N4 64 heo 10 41 -——
2N465 hfe 20 82 ---
2N467 hia 83 325 ---
Subgroup 7 10
1026 Steady state T, = +25% --- -—- ] ==- ---
operation life: t = 340 hrs
Pp = 150 old

End Point Tests:

Same as for
Subgroup 6
above

v = -35Vd
e )

1 See 3.4 and 4.3.2 herein.
2/ Per Method 112 in Standard MIL-STD-202.
3

Electrical rejects from the same lot under evaluation may

4/ See 4.2.4 herein.

-11-
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TABLE III. GROUP C INSPECTION. 1/
TEST METHOD | EXAMINATION LIMITS
PER OR CONDITIONS LTPD |} SYMBOL UNIT
MIL-STD-750 | TEST 2/ MIN. | MAX.
Subgroup 1 % =10
1031 High-temperature Tstg’ +100°¢ -—— --- - -
life (non-opera- | t ="1000 hrs
ting) 3/
End Point Tests:
3036 Collector-base Bias Cond. D
cutoff current:
2N4 64 Vep = -40Vdc Irgo - -30 uldc
2"465 VCB = -QOVdc oo - -30 uAde
2N&67 VCB = -35Vdc Laro - =20 uAdc
3206 Small-gignal Veg = -6Vde
ghort-circult I.E = ] mAdc
forward-current f =1 kiHz
transfer ratio:
ZN4 64 hfe 10 41 -——-
2N465 hga 20 82 -
2N467 ‘e 83 325 -
Subgroup 2 A =10
1026 Steady state T, = +25°C --- e | ---
operation t = 1000 hrs
1ife: Vep = =35vdce
P? = 150m

End-Point Tests:

Same as for
Subgroup 1
above

1/ See 4,2.5 herein.
2/ See 3.4 and 4,3.2 herein.
3/ See 4.2.4 herein.
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h—c —rte— D BASE <IN COLLECTOR
\ NOTE 7)
’ [ T% | i 4
! 3 N
A F DIA ol M
=E== DIA l j// *
X i
6 ﬁ,_-i* L EMITTER _%‘I i"’“K L J
....._.,_l_‘_oovt IBMMIRAD 4‘
MAX
HOTES : , DIMENSIONS 5
|Lrr|——NCHES MILLIMETERS | £
1. Metric equivaleants {to the nearest MIN MAX | MIN MAX [ 5
01 om) asre given for general inform-
ation only and are based upuu 1 inch A »335 370 | 8.51 9.40
= 2S5_.4 pm, B ) JES -335 7.75 8.51
2. Measured in the zone beyond ,250 C | 240 { .260 | 6,10 | 6.60
(6.35 om) from the seating plene. D Lsee | 1,750 | 1800 | 44.45 [7,9
3. Measured in the zone .050(1.27 mm) and | E 016 021 A1 53 2,9
-250 (6.35 om) from thé seating plane. [F 016 019 Ll 48 13,9
4, Variatiuns onDim. B in this zone G 100 | = =<1 2.54 | d
shali ouc exceed .010 (.25 am). R —t T -1 === 3
5. Outline in this zone i{s not controlled. =
6. When weasured in a gaging plane J 029 045 74 1.14 3.
-054+.001 (1.37 mm 4+ .03 mm) below K 028 034 T B6
the seating plane of the transistor L 009 125 23 3.18
max dia leads shall be within .007 M 1414 Nom 3,59 Nom ]
(.18 mm) of cheir true location rela- N 0707 Nom 1.80 Nom [
tive to a maximum width tab. Smaller
dia 1eads shall fall within the outlin.-
of the max dia lead tnlerance.
7. All leads electrically isolated from case.
8. Measured from the maxioum diameter of the actual device.
9. All three leads.

Figure 1. OQutline and Dimensions.

13-




MIL-5-19500/49C (EL)

5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery. - Preparation for delivery and the imspection of
Preparation for Delivery shall be in accordance with Specification MIL-5-19500.

6. NOTES

6.1 Notes. - The notes included in Specificarion MIL-5-19500, with the following

additions or exceptions, are applicable to this specification.

6.2 Application guidance and supersession information. -

a. The transistors conforming to requirements of this document issue
are recommended as replacements (hsving superior-controlled charac~-
teristics) for the transistors covered by previous issue(s) of,
respectively, this document and the following superseded documents,

all as listed below:

MIL-T-19500/49B (Sig C), 3 Feb 1959--Transistor, Type 2N464
MIL-T-19500/50A (S5ig C), 3 Feb 1959--Transistor, Type 2N465
MIL-T-19500/52B (Sig C), 3 Feb 1959--Transistor, Type 2N467

b. To insure proper equipment-circuit application, particular attention
should be given to the differential voltage and current-gain ratings
and performance characteristics pertinent to the individual transistor
types covered herein.

6.3 Ordering data. -

a. Terminal-lead length: See 3.3.3 herein.
b. Terminal-lead material and finish: See 3.3.4 herein,

6.4 Qualification. - With respect to products requiring qualification, awards
will be made only for such products as have, prior to the time set for opening of
bids, been tested and approved for inclusion in Qualified Products List (QPL)-19500,
whether or not such products have actually been go listed by that date. Information
pertaining to qualification of products covered by thia specification should be

tequested from the Commanding Generel U. 5. Army Electronice Command, Fort Monmouth,
New Jersey 07703, Attention: AMSEL-PP-EM-2,

6.5 Revision (document) changes. - Revigilon-letter symbols are not used in

this revision to identify changes with respect to the previous issue, due to the
extensiveness of the changes. (See 6.2a supersession {nformation, above,)

Custodian: Preparing activity:
Army-EL Army-EL
Project No. 5961-A010
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